in the extent of the mucinous material was considered to be a secondary change in the thickened fibrosa which normally accompanies the floppy valve syndrome. Measurements of zona spongiosa falling within the normal range were found in seven patients. The clinical features, complications, and accompanying conditions have also been analysed. Chordal rupture had occurred in 20 patients, infective endocarditis in three, and calcification was found in four valves. In four patients the aortic valve was also involved and accompanying aortic root dilatation in an additional patient. It is suggested that these patients should not be included in the group of Marfan's forme fruste, nor in the typical floppy mitral valve syndrome.
Apart from the valvular theory, the myocardial theory in the pathogenesis of the syndrome has been discussed and the components ensuring normal mitral valve function have been reviewed.
It is concluded that an inherent, prominent zona spongiosa predisposes to the floppy valve syndrome, particularly if any one of the components of normal valve function is abnormal.
For the past 15 years attention has focused on the floppy valve syndrome, first described by Fernex and Fernexl in 1958 . It is characterised by protrusion particularly of the posterior valve leaflet into the left atrium and results in recognisable signs2-5 constituting a specific syndrome. 6 Other synonyms for the syndrome include prolapse of the mitral valve,7 billowing of the mitral valve,3 and ballooning, or the syndrome of mid-late systolic click and late systolic murmur. 8 Despite many possible suggestions, the pathogenesis of the floppy valve syndrome is still not fully understood. Mitral regurgitation can occur as the result of failure of any of several anatomical components which interact to ensure normal functional integrity of the mitral valve apparatus9 but must be distinguished from the syndrome.
Received for publication 27 May 1980 Dilatation of the valve ring has been established in the Macroscopical examination of these valves showed characteristic features consisting of doming towards the left atrium, principally of the posterior mitral valve leaflets from side to side, and from the free edge of the basal attachment. In 23 out of 50 patients the anterior mitral valve leaflets were also significantly affected. In three patients that leaflet showed the most severe change and in one patient the anterior leaflet alone was affected (case 11, Table 2 ). Doming was most prominent between chordal insertions and in the middle third of the valve leaflet. These leaflets were usually thin, transparent, and showed a bluish tinge. Along the line of closure in all valves, but also in the region of the clear zone, in several cases thickening was present, altering the appearance to white and opaque. The commissures were widely separated and measurements exceeded the normal range of linear measurement of 90 to 110 mm by up to 20 mm. In four patients the measurements exceeded 160 mm (dilated valve ring, Table 2 ).
Elongation of the chordae was frequently found and could be accurately assessed when the specimen included attached tips of papillary muscles. Beading of the chordae was a characteristic and frequent finding. In cases of rupture the chordae tapered to a fine point (Fig. 3) . The salient features of the macroscopical involvement are listed in Table 2 . This table has been arranged according to age. The sex of the patient and the time when a murmur was first heard are also stated. Complications and associated or other conditions are included. In 20 patients rupture of chordae tendineae was found. Evidence of infective endocarditis was observed in three patients. In two patients atrial septal defect was diagnosed and patency of the fossa ovalis was found in another two patients. Calcification was found in four valves examined.
Measurements of the zona spongiosa in Table 2 have been confined to the posterior mitral valve leaflets. In those valves where the anterior mitral valve leaflet showed microscopical dominant features, the posterior leaflet showed similar or more severe histological changes. In 43 cases over 60 per cent of the valve leaflet was occupied by the zona spongiosa. In the remaining seven valves the extent of the zona spongiosa fell within the range observed in normal valves.
Apart from the prominent zona spongiosa and the increased "length" of the posterior mitral valve Pathogenesis offloppy mitral valve leaflet, the histological appearances did not differ from those observed in the normal valve tissue. The architecture was preserved and vascularity was not increased. Superimposition of predominantly collagen tissue on the line of closure, and along the atrial aspect of the valve leaflets, indicated that regurgitation had been present for some time (Fig. 4) . The myxomatous tissue extended into the chordae tendineae and was particularly prominent in the areas noted as beading macroscopically. Thickening of the chordae by superimposition of collagen tissue was also found.
Histochemical analyses did not differ from those of the normal valves.
Electron microscopical examination showed similar amorphous material to that observed in normal valves, but the collagen tissue surrounding these areas frequently showed loss of periodicity of collagen fibrils.
Discussion
For assessment of the extent of the myxomatous zone occupied in the valve leaflets, the middle third (free edge to basal attachment) was chosen because of frequent thickening and often even more prominent myxomatous tissue being present in the area of the line of closure in the diseased valves. Though ,~~~~~~~~~~~~~~k 4 ' t * _ t '>; A i invariably some diffuseness of the adjacent collagen tissue was found, examination at low magnification showed a fairly clear separation between myxomatous tissue and the adjacent unaffected collagen.
Histochemical examination confirmed the changes previously reported," suggesting that the mucinous area was predominantly composed of uronic acid mucopolysaccharides. A similar conclusion was reached by Torii et al.,8 by determining the carbazol/orcinol ratio of uronic acid in acid mucopolysaccharides. Apple green fluorescence by examination under crossed polaroids, after staining with Congo red, was only very faint in our study though a somewhat stronger reaction has been noted. '7 Electron microscopical changes only showed evidence of degeneration of the adjacent collagen fibrils, having resulted in loss of periodicity. In all other respect no differences between affected and normal valves could be identified.
The normal function of the mitral valve apparatus is dependent on six components: the left atrial wall; the annulus; valve leaflets; chordae tendineae; papillary muscles and left ventricular wall.9 Abnormalities of any of these components-such as deficiency or excess of valvar tissue, abnormally long or short chordae, papillary muscle dysfunction, and alteration of the left ventricular shape- Fig. 4 The aetiology of the "floppy valve syndrome" is not solved but two major theories have been suggested: the valvular and the myocardial. 6 The former suggestion explains the clinical manifestations, chest pain being caused by excessive stretching of the papillary muscles.'9 20 Sudden tensing of the everted valve leaflets is responsible for the characteristic click.2' The mid-late systolic murmur is attributed to increasing regurgitation of valve leaflets as prolapse develops.2' 22 The other major theory, the myocardial theory, has included a variety of angiographic and haemodynamic findings such as abnormal protrusion of the inferior aspect of the left ventricle23 and non-contraction or late systolic expansion of the inflow tract of the left ventricle.24 Absence of the atrioventricular groove branch of the circumflex of the left coronary artery has been the suggested explanation for segmental myocardial dysfunction25; its absence is frequently compensated by a large posterolateral branch of the right coronary artery.24 Left ventricular asynergy26 27 and haemodynamic disturbance-such as a constrictive pattern20 and an increase in left ventricular end-diastolic pressure, low resting cardiac index, or an inappropriate rise during exercise27-concludes the myogenic cardiac theory. To explain the various changes, an underlying cardiomyopathy has also been suggested.27 The association of the "floppy valve syndrome" with coronary arterial disease, resulting in papillary muscle involvement (dysfunction), has been suggested.28 29 Although in the present study five patients had clinical manifestations of ischaemic heart disease and mitral regurgitation, which may occur in association with papillary muscle dysfunction, we agree with Jeresaty and Liss'0 28 29 that this combination is likely to be coincidental in the "floppy valve syndrome". An incidence of only 2 to 3 per cent of coronary arterial disease has been shown to exist in these patients by selective coronary arteriography. 6 The anatomy of the normal mitral valve has been meticulously studied. '6 31 Variation in the chordal arrangement and atypical chordae were encountered in 37 of the 50 hearts examined. In a more recent study" abnormalities were noted in the deposition of chordae tendineae in 36 32 Regarding complications and associated conditions in our series, 20 of the 50 patients suffered rupture of the chordae tendineae close to a point where secondary fibrous thickening and myxomatous tissue were prominent. Early surgical intervention was achieved. In three patients morphological evidence of infective endocarditis was present; in two patients an atrial septal defect in the region of the fossa ovalis was found (secundum type) and in another two probe patency of the fossa ovalis was noted. A 5 per cent incidence of atrial septal defect has been reported. Calcification of the floppy valve may occur,'4 though this is rare. It was found in four cases in our series.
Changes similar to those described for the mitral valve have been observed in the aortic valve in four patients and in one additional patient aortic valvar changes were accompanied by dilatation of the aortic root. Accompanying aortic valve involvement is well recognised,44 4 and the question arises whether the combination of aortic and mitral valve changes constitutes a forme fruste of Marfan's disease. Indeed it has been suggested that isolated floppy mitral valve could be considered a form of this disease. This concept is supported to some extent by a report on three patients who developed dissecting aneurysms of the aorta after clamping of the aorta during operation for mitral valve replacement. 46 Despite the overlapping features there is, however, no firm evidence that isolated mitral valve prolapse forms part of the spectrum of Marfan's disease. When the aortic valve is affected as well, it should also not be classified under Marfan's disease or typical mitral valve prolapse. 47 We conclude that an inherent prominent zona spongiosa, in otherwise normal valves, predisposes to the floppy valve syndrome. Once doming has taken place, secondary thickening of the valve leaflet occurs, with extension of the myxomatous tissue into the fibrosa. Functional or anatomical abnormalities of any components, ensuring normal mitral valve function, are important contributory factors in the development of this syndrome, particularly in cases with less prominent zona spongiosa.
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